Background The collaborative multicenter retrospective study of acute cholecystitis (AC) was performed in Japan and Taiwan. The aim for this study was evaluation of the clinical value of TG13 severity grading for AC. Method The study was designed as an international multicenter retrospective study of AC from 2011 to 2013. Based on the data, we investigated the TG13 severity grading by analyzing the correlations between grade and prognosis, surgical procedures, histopathology, and organ dysfunction and prognosis. Results An investigation revealed that 30-day overall mortality rate was 1.1% for Grade I, 0.8% for Grade II, 5.4% for Grade III. The mortality rate for Grade III was significantly higher than lower grades (P < 0.001). The greater the number of organ dysfunction, the higher the mortality rate (P < 0.001). However, the mortality rate varied depending on the number of organ dysfunction (3.1-25%). With respect to the surgical procedures, laparoscopic cholecystectomy was performed for Grade I patients (P < 0.001), and the higher the grade, the more likely open surgery would be selected (P < 0.001). Conclusion TG13 severity grading criteria for AC are providing great benefits in actual clinical settings. From this study, the position of each severity grade was obviously confirmed.
Introduction
The concept of the Tokyo Guidelines (TG13) severity grading criteria for acute cholecystitis (AC) [1] is that Grade III (severe) prescribes the survival prognosis, with damage to different types of organ dysfunction. Therefore, Grade III was defined as AC associated with organ dysfunction. Grade II (moderate) has risk of death lower than Grade III and is determined by the presence of factors, mainly localized inflammatory findings in the gallbladder, predicting greater difficulty in surgical treatment or conservative therapy compared with Grade I. Therefore, Grade II was defined as AC in which the degree of acute inflammation is likely to be associated with increased operative difficulty in performance cholecystectomy. Grade I (mild) comprises cases other than Grades II and III, with lower risk of death and surgical risk that can easily be treated by laparoscopic cholecystectomy (LC). Since the Tokyo Guidelines (TG) have ORIGINAL ARTICLE become widely known worldwide, recent multidirectional studies have evaluated the TG13 severity grading criteria for AC [2] [3] [4] [5] [6] [7] [8] [9] [10] [11] [12] . In Tunisia, the spread of the TG has increased the rate of LC, significantly reducing preoperative and total hospital stay without increasing intra-and postoperative complications [2] ; in Taiwan, Cheng et al. mentioned the complication rate and the length of hospital stay increased along with the severity grade of the TG [3] ; and in Japan, too, a significant correlation has been reported between severity grade and both prolonged postoperative hospital stay and medical cost [4] . Wright et al. carried out the first large-scale evaluation of the TG in the United States, and found that TG13 severity grade was an independent predictor of increasing length of stay (P = 0.009) and conversion to open surgery (Grade II: OR 7.63 (2.25-25.90), Grade III: OR 24.2 (5.9-116.37)) [5] . Although several reports have thus found that severity grade is primarily associated with length of hospital stay, Lee et al. previously found no significant benefit between grade and either mortality or morbidity; however, they concluded that owing to the small patient sample and other reasons, further studies are required to verify this [13] .
Regarding mortality of AC, we reported an epidemiological study of AC in the literature of the international multicenter retrospective study in Japan and Taiwan [14] . However, the relationship between the mortality and TG13 severity grading was not described in that article. In this study, especially in order to evaluate TG13 severity grading, we analyzed the same object collected in the epidemiological study to investigate the correlation between the TG13 severity grading criteria for AC and mortality, as well as between severity grade and other clinical factors such as the surgical procedure used and complications. The aim for this study was evaluation for the clinical value of the TG13 severity grading for AC.
Methods
The study was designed as an international multicenter retrospective observational study with clinically suspected AC in Japan and Taiwan from 1 January 2011 to 31 December 2013. The inclusion criteria comprised adults aged ≥18 years who had been diagnosed by a clinician with AC according to the criteria in use at that point by the institution concerned and had undergone inpatient treatment. For this diagnosis, (1) AC was diagnosed on the basis of imaging or pathological findings, (2) the patient was being treated for the first time, and (3) the patient was aged ≥18 years at the time of enrollment. The exclusion criteria comprised recurrent cholecystitis during the same period of hospitalization. Table 1 shows the TG13 severity grading criteria for AC.
In order to identify the clinical value of TG13 severity grade, three major topics were investigated: (1) the relationship between the mortality and TG13 severity grade for AC; (2) the association between 30-day overall mortality and the number of organ dysfunctions that was set in Grade III; and (3) the relationships between severity grade and surgical procedures used and between severity grade Does not meet the criteria of "Grade III" or "Grade II" acute cholecystitis. Grade I can also be defined as acute cholecystitis in a healthy patient with no organ dysfunction and mild inflammatory changes in the gallbladder, making cholecystectomy a safe and low-risk operative procedure and complications. In this study, the surgical procedure did not include cholecystostomy (drainage). Patients were excluded from the analysis if data on matters including prognosis, diagnostic criteria and severity grade were missing.
The statistical analyses were performed using PASWStatics 18 (IBM, Armonk, NY, USA). Depending on the factor under investigation, v 2 test, Cochrane-Armitage test for trend or Fisher's exact test was used for statistical analysis. P-value <0.05 was considered as significant.
This study was approved by the Ethics Committee of the Japanese Society of Hepato-Biliary-Pancreatic Surgery and the Institutional Review Board of Yokohama City University School of Medicine (IRB number B140109040).
Results
A total of 5,459 patients in 154 Japanese and Taiwanese institutions were included in our study. Of the 5,459 patients, 4,716 were from Japan and 743 from Taiwan. As shown in Figure 1 , 1,099 patients were excluded and a final total of 4,360 patients were included for this study. The median age is 68 years (interquartile range 57-78 years). According to the TG13 severity grading criteria, 1,588 patients (36.4%) were classified as Grade I, 2,004 (46.0%) as Grade II, and 768 (17.6%) as Grade III. Thirty-day overall mortality was 1.7% in this study.
Mortality and TG13 severity grade for AC
In an analysis of the relationship between severity grade and 30-day overall mortality, the overall mortality rate by grade was 1.1% for Grade I, 0.8% for Grade II, and 5.4% for Grade III. The 30-day overall mortality rates for Grade I and Grade II were found to be significantly different from those mortality rates for Grade III by both the v 2 test and Cochran-Armitage test for trend ( Table 2 ).
Mortality and the number of organ dysfunctions in Grade III
From the analysis of the association between 30-day overall mortality and the number of organ dysfunctions set in Grade III, the mortality rate was 3.1% if one organ dysfunction was present, 7.8% for two, 18.2% for three, and 25.0% for six. Fisher's exact test showed that the Whole cohort n = 5,459
Incomplete data collection in diagnostic criteria and unmatched diagnostic criteria n = 1,080
Analysis cohort n = 4,360
Grade I n = 1,588
Grade III n = 768
Incomplete data collection in severity assessment n = 19
Survivor n = 1,324
Non-Survivor n = 15
Non-Survivor n = 13
Survivor n = 643
Non-Survivor n = 37
Incomplete data collection in 30-day mortality n = 249
Incomplete data collection in 30-day mortality n = 302
Incomplete data collection in 30-day mortality n = 88 Fig. 1 The flow chart of patient inclusion prognosis became significantly worse with increasing number of organ dysfunction (Table 3) .
Severity grade and surgical technique, surgical complications
The correlation between grade and the surgical procedure was investigated. An analysis of the procedure selection between LC and open cholecystectomy by grade using the v 2 test and Cochran-Armitage test for trend found that LC was significantly more likely to be performed if the grade was low; the higher the grade, the more likely it was that open surgery would be selected. In our study, the performance rate of LC was 53.2% in Grade III, i.e. over half of Grade III patients were implemented LC. Regarding the conversion rate, the surgical technique was significantly more likely to be converted from LC to open surgery in Grade II patients (Table 4) .
By analyzing the association between severity grade and three types of intraoperative complications (intraoperative gallbladder perforation, bile duct injury and visceral injury) using the v 2 test and Cochran-Armitage test for trend demonstrated that these three types of complications were not significantly more likely to occur at higher grades (Table 5) .
In an investigation of the correlation between severity grade and six different types of histopathology (edematous cholecystitis, gangrenous cholecystitis, suppurative cholecystitis, chronic cholecystitis, acute on chronic cholecystitis and others), cases of edematous and chronic cholecystitis were significantly more frequent in Grade I, acute on chronic cholecystitis was significantly more frequent in Grade II, and gangrenous cholecystitis in Grade III (Table 6 ).
Discussion
Until diagnostic and severity grading criteria for AC were first set out in the Tokyo Guidelines (TG07) [15] , the clinicians around the world did not have common diagnostic criteria for AC. Most cases of AC were treated by clinicians according to their individual judgment or each institution's therapeutic policy. The adoption of the TG07 all over the world thus marked a major advance in the management of AC. After the publication of the TG07, many types of studies investigating AC pointed out the problems with the diagnostic criteria for AC of TG07 [13, 16] . At that moment, however, no specific problems about the severity grading criteria were raised. For this reason, when the TG07 were revised to the TG13, changes in the severity grading criteria were limited to only a few terms. Although Lee et al. have found that the TG07 severity criteria were not associated with mortality [13] , this study had been small-scale, and they mentioned that the unequal and small numbers of patients might weaken the significance of the difference. Therefore, we decided to use large data from the Japanese and Taiwanese observational study, which included over 5,000 patients, to investigate the relationship between the severity grade and mortality.
In our study, there were statistically significant relationships between severity grade for AC of the TG13 and 30-day overall mortality. Gonzalez-Munoz et al. reported that logistic regression identified that the only independent predictors of death at the time of admission were the TG13 severity grade (odds ratio (OR) 2.87, P = 0.018) and the Portsmouth Physiological and Operative Severity Score for the enumeration of Mortality and Morbidity (P-POSSUM) (OR 1.14, P = 0.001) [6] . We believe their research was the first report of the significant association with the mortality and the TG13 severity grade.
As far as we know, our study is the first study to report a correlation between the prognosis and the number of organ dysfunction set in Grade III. In particular, the fact that organ failure is significantly associated with the prognosis for AC is an extremely valuable analytical result in terms of establishing future treatment strategy.
In this study, the mortality rates varied from 3.1% with one organ dysfunction to 25% with six organ dysfunctions. The greater the organ dysfunction, the higher the mortality rate would be predicted. However, unfortunately the weighting of each organ dysfunction was not calculated due to the small data. Therefore, we did not mention which organ dysfunction was more critical than other organ dysfunction within six types of organ dysfunction in the Grade III. This is a limitation of this study.
On the question of Grade III, two Australian and Singaporean studies have suggested that even Grade III patients can safely undergo surgery [7, 8] . Kamalapurkar et al. reported that although severity grade was significantly associated with length of stay and conversion rate between Grade II and Grade III. In fact, they mentioned severe complications were not significantly different (Grade II 2% versus Grade III 9%, P = 0.219), stating that cholecystectomy is feasible and safe even in Grade III patients [7] . In a study by Amirthalingam et al. of 149 patients, the authors similarly found that although severity grade was significantly associated with mean length of stay, it was not associated with either complications. From those results, they mentioned severity grading of AC was not the sole determinant of early LC [8] . They also mentioned that AC patients with Grade III, who had not been admitted to the ICU can be regarded as suitable candidates for early LC. However, the patients with Grade II and III had longer operating times and higher rates of open conversion. In addition, the mortality rate was not presented due to limited patients in the study. These two articles also suggested that early LC would be safe even if the patient was classified as Grade III according to the TG13 severity grading. Actually, the mortality is not same as the operative difficulty. However, there was significant difference between Grade II and Grade III with respect to the 30-day overall mortality. From our results, the surgeon should consider the possibility of poor prognosis for the Grade III patients. Loozen et al. investigated 457 Grade I or II acute surgical cases. They found that there were no differences in the conversion rate or operating time, and that Grade I and II were similar in terms of surgical complications, 30-day mortality, and length of hospital stay [9] . They stated that Grades I and II are both good indications for emergency surgery. In our study, we also found that LC was performed significantly more often in Grade I, and that conversion from LC to open cholecystectomy occurred significantly more often in Grade II than Grade I. Taking advantage of our results, the surgeon had to consider that the Grade II patients would have the possibility of procedure conversion rather than Grade I patients. TG13 grade has also been reported to constitute an independent risk factor for conversion to open surgery [5] . Regarding the procedure conversion, Asai et al. reported that the multivariate analysis showed that the risk factors for conversion to open surgery included a duration of symptoms longer than 72 h and a CRP value >11.5 mg/dl [17] . Precisely, a duration of symptoms longer than 72 h was a prognostic factor of Grade II in TG13. It can be suggested that surgery for Grade II patients is not always easy.
In this study, there were significant differences between the severity grade and histopathological findings. We found that gangrenous cholecystitis was significantly more common in Grade III, and edematous cholecystitis and chronic cholecystitis in Grade I. Ambe et al. reported similar results that a significant correlation between the preoperative severity grade and the extent of gallbladder inflammation on histopathology by Pearson's v 2 test (P = 0.01) [11] . They also stated that worsening clinical severity correlated significantly with worsening pathology, and the gangrenous cholecystitis and necrotizing cholecystitis were more common in Grade III, and edematous cholecystitis in Grade I. From the viewpoint of histopathology, our research results showed the same trend as their results. The TG13 severity grading criteria have been criticized by the opinion that indicating operative difficulty was insufficient [7, 8] . Borzellino et al. suggested predictive factors for the diagnosis of severe AC [18] . From multivariate analysis, four factors (fever, distension of gall bladder, wall edema and preoperative adverse events) were identified as predictive factors of severe AC. On the basis of their criteria, at least one sign was positive, the sensitivity and specificity was 90.2% and 32.9%. If all four signs were positive, the sensitivity and specificity was 1.8% and 100%. However, no differences were found when comparing phlegmonous cholecystitis and gangrenous cholecystitis. Ambe et al. set a new scoring system for AC classified into three categories (mild, moderate, severe) with a clinical score with eight factors (sex, age, BMI, ASA score, recurrent colics, gallbladder wall thickness, WBC, CRP) from the multivariate analysis [19] . This scoring system correlated significantly with the duration of surgery (P = 0.007) and the need of intensive care unit management (P = 0.003); however, no significant association between the preoperative score and the rate of conversion (P = 0.103) and the rate of complication (P = 0.291).
Consequently, the findings of our study with a big data indicate that the Grade III was related to the prognosis of AC, and the Grade II cases had the possibilities of conversion from LC to open surgery. Our work has led us to conclude that the TG13 severity grading criteria had clinical value with lots of evidence about the mortality and the technique of cholecystectomy. However this analysis was a retrospective study and there were limitations to the interpretation of research results. Furthermore, the study was conducted only inside Asia. In order to make the severity criteria more accurate, evaluation by prospective research is necessary and there is no doubt that it is our future task. This study was the first step towards the improvement of patient safety management of AC. We believe these results will have a major effect on treatment strategies based on severity grading in actual clinical practice and future research.
Conclusion
The TG13 severity grading criteria for AC provide great benefit for worldwide users in actual clinical settings. From this study, the position of each severity grade was obviously confirmed.
